Objective: Brazil accounts for ;70% of injection drug users (IDUs) receiving highly active antiretroviral therapy (HAART) in low-income/middle-income countries. We evaluated the impact of HAART availability/access on AIDS-related mortality among IDUs versus men who have sex with men (MSM).
INTRODUCTION
Highly active antiretroviral therapy (HAART) significantly improves the prognosis of HIV-infected persons by reducing HIV viral load, increasing CD4 + cell levels, and delaying progression to AIDS, ultimately reducing mortality rates. 1 Because reduced HIV viral load also seems to be important for reducing HIV transmission, 2 increasing availability and adherence to HAART has also gained attention as a potential HIV prevention strategy. 3 However, inequalities in health outcomes among people living with HIV/AIDS (PLWHA) continue to be reported in high-, middle-, and low-income countries such diverse as the United States, Brazil, and Uganda. [4] [5] [6] [7] [8] [9] A high proportion of AIDS deaths in the developed world are due to poor access to HAART among disadvantaged/marginalized populations. 10, 11 Disparities in HIV-related mortality might be due to differential access to HAART and retention in treatment among specific subpopulations, such as drug users. 12, 13 Compared with other populations living with HIV/AIDS, injection drug users (IDUs) usually have lower utilization and adherence to HAART and are more likely to experience virologic failure, contributing to a rapid disease progression. [14] [15] [16] Studies in the United States indicate that IDU tend to initiate HAART at a more advanced stage of HIV infection compared with other populations. 15, [17] [18] [19] However, in the United States, health insurance is a major barrier to care and may explain many of these associations. The active use of illicit drugs, and limited mental health care and substance abuse management (especially methadone substitution therapy), and constant incarceration/detention of drug users may also explain delays or interruptions in HAART use among IDUs.
Brazil was the first middle-income country to provide full access to HAART, laboratory monitoring, and clinical care at no cost at the point of health care delivery to any eligible patient, since 1996. 23 As of June 2008, approximately 190,000 patients were receiving HAART in Brazil, making it the most comprehensive HIV treatment initiative implemented thus far in a middle-income country, worldwide. 24, 25 Globally, Brazil provides treatment and care to approximately 70% of IDUs receiving HAART, which is the largest number of HIV+ IDU outside high-income countries. 13 Despite being one of the first countries to implement free and universal access to HAART, no nation-wide evaluation has been conducted using longitudinal information of all PLWHA receiving HIV treatment and care. A recent small study analyzed data from 170 patients (68 IDUs) from Brazil, aiming to compare the utilization of HIV-related health care by IDU and other populations. 26 According to this study, IDUs were less likely to receive antiretroviral (ARV) prescriptions and requests for CD4 lymphocyte and viral load counts compared with non-IDU. Health care utilization increased over time in the non-IDU group, parallel to the implementation of the Brazilian health policy of universal access to HIV treatment, but this favorable trend was not observed among IDUs.
Herein, we report differences in survival from AIDS diagnosis by transmission risk category, within the unique Brazilian setting. This study evaluated all patients receiving treatment in the country between 2000 and 2006, therefore avoiding selection bias present in other studies that included partial subsets of the country's population living with HIV/AIDS.
METHODS
This study utilized 4 databanks comprising different longitudinal information of all PLWHA under treatment and care through the Brazilian public health system. These databanks contain the core information of Brazil's surveillance system and are specified as follows: sociodemographic information on AIDS cases (Reported AIDS Cases System [SINAN] 
Databank Linkage
In Brazil, although private health insurance covers costs with laboratorial exams, accredited physicians, and hospitals, it does not cover costs with medications. Therefore, the number of PLWHA not receiving ARVs through the public health system is negligible. Affluent PLWHA tend to be notified on SICLOM and SINAN databanks, although are rarely found on SISCEL (ie, they use their private insurance to reimburse them for exams performed at private laboratories).
On the other hand, PLWHA from low socioeconomic strata have less access to successive laboratory follow-up and ARV refills. Therefore, those patients tend to be more efficiently and rapidly included on SINAN-AIDS and SIM databanks than on SISCEL and SICLOM.
Because differential information is found in each databank, comprehensive analyses must use data from all databanks. As a first step, we standardized the different databanks to have exactly the same variable names, lengths, and format throughout all databanks. An identification key was created for each patient, therefore permitting his unique identification in the different databanks.
The National AIDS Program is in charge of the management of 3 of the above-mentioned databanks (SINAN-AIDS, SISCEL, and SICLOM). The merging of such databanks originated a new databank, comprising sociodemographic information and information on exposure category (SINAN-AIDS), successive laboratorial exams (SISCEL), and monthly refill of ARV medication and ARV therapeutic regimens switches (SICLOM).
In a subsequent step, we performed the linkage of this merged databank with information from the National Mortality System (SIM). SIM identifies each death through the patient full name, his mother's name, and cause(s) of death but lacks alphanumeric identifiers. Therefore, we linked the merged AIDS databank with SIM using Recklink 3.0 software, 27 which is based on probabilistic record linkage.
28,29
The above linkage yielded a comprehensive databank with information on PLWHA under treatment through the Brazilian public health system, aged 18 years or older and with a confirmed AIDS diagnosis. For this analysis, participants were included if they were diagnosed (medical assessment of AIDS) between January 1, 2000, and August 31, 2006, and if their most probable route of HIV infection was IDU or male homosexual contact. Patients whose most probable route of HIV infection was heterosexual contact were not included because we aimed to analyze differences in survival from AIDS diagnosis between a population known to have higher rates of initiation and adherence to HAART men who have sex with men (MSM) with a population known to have the lowest rates of initiating HAART, worldwide: IDUs. Females were excluded on the analysis because they corresponded to less than 3% of the IDU AIDS cases.
The final databank comprised the following covariates: date of birth, most probable route of HIV infection, ethnicity, date of AIDS diagnosis, dates of initiation of HAART, CD4 counts and viral load values in successive visits (with the corresponding dates), and cause(s) and date of death.
Statistical Analyses
The primary endpoint was mortality from AIDS-related causes during the follow-up period. Survival was calculated as the time elapsed from date of AIDS diagnosis until the date of AIDS-related death (or censoring). All other deaths were censored on the date of death, and individuals who stayed alive were censored at the end of data collection period (August 31, 2006) . Because analyses were based on secondary data, we did not have access to information on clinical visits; therefore, we were not able to calculate losses to follow-up.
Kaplan-Meier curves were fitted to compare probabilities of survival according to selected covariates using the log-rank test. Cox proportional hazard regression modeling was used to examine covariates associated with survival among the following: age at AIDS diagnosis, HIV exposure category (IDU vs. MSM), first CD4 lymphocyte count, HAART uptake, first HIV RNA viral load exam, and ethnicity. The likelihood ratio test was used to select variables to be entered in the Cox models, adjusting for potential confounders and testing for effect modification. The assumption of proportional hazards was evaluated through the examination of Schoenfeld residuals. 30 Hazard rates are strongly influenced by selection effects operating in the population (eg, higher availability of referral centers in a given locality), and individuals surviving up to a certain time will on average be less frail than the original population, therefore, unobserved individual heterogeneity (or frailty) was also taken into account. [31] [32] [33] [34] With 8.5 million square kilometers and 185 million inhabitants, Brazil is the largest and most populous country in Latin America and faces deep health and socioeconomic differences within each region. In an attempt to account for the heterogeneity between and within different Brazilian regions and localities, analyses were repeated with the introduction of a random effect term to assess the potential association between survival times within a cluster-state or municipality of residency-using gamma-distributed frailty. 35 Analyses were conducted with the entire population, and with a subgroup of patients who received at least 1 CD4 count determination and 1 HIV-1 RNA viral load determination, to evaluate the existence of differential survival patterns among patients who sought earlier diagnosis and treatment.
Analyses were performed in R. 36 To estimate confidence intervals for Cox proportional hazard models, robust methods were used. Maximum penalized likelihood estimation was used to estimate frailty models.
RESULTS

Characteristics of the Patients
Of the 28,426 patients included in the study, 43% were IDU, and the overall mean age at AIDS diagnosis was 34.8 years (SD: 8.5). Ethnicity and age were similar comparing IDU and MSM. Although all patients had a confirmed AIDS diagnosis, only 28.3% were actually receiving HAART in the beginning of the study period ( Table 1) .
The overall median survival after AIDS diagnosis was 2.45 years (interquatile range: 2.09-2.86). During the followup period, 6777 (23.8%) patients were known to have died from AIDS-related deaths. The proportion of deaths was 2.4 times higher among IDUs than among MSM (33.1% vs. 16.8%; P , 0.0001) ( Table 1) . Patients who accessed accredited health units had better survival rates compared with those who did not receive ARVs. Compared with MSM, In Kaplan-Meier analyses stratified by HIV-1 RNA viral load on baseline, IDUs had significantly lower survival since AIDS diagnosis, when compared with MSM (P , 0.001 for each comparison). Survival because AIDS diagnosis was lower among those who had never had an HIV-1 RNA viral load determination, followed by those with first HIV-1 RNA test .5.00 log 10 copies per milliliter, those with results between 4.00 and 5.00 log 10 copies per milliliter, and patients with HIV-1 RNA below 4.00 log 10 copies per milliliter, and survival among IDUs was lower than among MSM for all viral loads strata (Fig. 1) . Patients who did not have at least 1 CD4 determination during the study period had the worst survival after AIDS diagnosis, followed by those with CD4 counts bellow 200 cells per cubic millimeter, and those with CD4 counts higher than 200 cells per cubic millimeter.
Predictors of Survival
In univariate analysis, exposure category was a strong predictor of survival: risk of death for IDU was roughly 2 times higher than that of MSM. Predictors of longer survival included HAART uptake and CD4 counts .350 cells per cubic millimeter at diagnosis. Patients with an HIV RNA viral load .5 log 10 copies per milliliter at diagnosis had a higher risk of death, and nonwhite patients ( Table 2) .
In multivariate analysis, the increased risk of death observed in IDU compared with MSM persisted. As expected, biological predictors such as higher CD4 cell counts and lower viral load remained a strong predictor of survival, and HAART uptake ( Table 2) . Results were similar when restricted to the subsample of patients who have conducted at least 1 CD4 determination and 1 HIV-1 RNA viral load determination (Table 3 ). However, caution should be exercised in generalizing these findings because the subsample accounted for only 40% of the overall sample.
Upon multivariate Cox frailty regression that accounted for a random effect due to the place of residence (Table 4) , the increased risk of death observed in IDU compared with MSM remained higher than the estimates found in our multivariate model. Both CD4 cell counts and viral load remained as significant predictors of survival and HAART uptake, and nonwhite participants remained having a higher risk of death. As expected, older participants had a slightly higher risk of death. The same patterns were observed on multivariate Cox frailty regression, accounting for a random effect due to the municipality of residence, although with a slightly smaller variance.
The estimated frailty variance was significantly different from zero on both analyses, suggesting that the risk of death after AIDS diagnosis was heterogeneous among subjects living in different states and municipalities (Table 4) . Greater frailty effects were found in larger states located in the tropical rain forest region and in states located in the northeast, Brazil's poorest region. On the other hand, industrialized areas from 
DISCUSSION
This is the first study in Brazil to conduct survival analyses with a large and representative population of PLWHA using data from all Brazilian AIDS surveillance databanks. MSM were selected as the comparison group because several studies have demonstrated the increased survival and better access to health care among MSM, particularly when compared with IDU, a highly marginalized population. [37] [38] [39] Previous survival analyses conducted with Brazilian AIDS National Data found a substantial increase in survival time over the years, particularly among patients diagnosed after 1996, when free and universal access was instituted in Brazil. 40 The present study extended these earlier findings by analyzing for the first time data from all patients with a confirmed AIDS diagnosis after HAART became widely available in the country, with specific analyses for different exposure categories (IDUs and MSM).
This study uncovered a significant increase in survival after AIDS diagnosis among patients belonging to both MSM and IDU exposure categories: the overall median survival was 2.45 years for those patients diagnosed in the late post-HAART era (after 2000). In a previous study conducted with national data, the median survival times after AIDS diagnosis were 5 months for cases diagnosed in the 1980s and 18 months for those diagnosed in 1995. 40 The increased survival we observed underscores the dramatic benefit of providing universal access to HAART to both MSM and IDUs that have been reported by others 41, 42 and emphasizes the need for treatment rollout in developing countries.
However, our analysis also showed that deep inequalities remain, even in the context of free and universal access to HAART in Brazil. IDUs living with AIDS were less likely to receive HAART, had lower CD4 counts and higher HIV-1 viral loads when presenting to health care facilities, and subsequently had higher mortality rates compared with MSM. Even for patients diagnosed after 2000, when HAART and correspondent monitoring were available even in Brazil's most remote corners, IDUs still had a higher mortality rate: almost one and a half times higher than MSM, after adjusting for confounders. Even after restricting our analysis to patients who had received at least 1 CD4 count and 1 HIV-1 RNA viral load determination, IDU remained with higher mortality rates. Our findings suggest that substantial reductions in time to AIDS and death during the HAART era do not apply equally to IDUs, when compared with MSM and that unequal access to care is unlikely to fully explain the disparities in mortality rates. The disparities we observed may be attributed to key problems already identified among this population: lower overall uptake of HAART, 13 late presentation into care, lack of key laboratory and monitoring for a large proportion of IDU, and initiation of HAART at more advanced stages of disease. 20 The higher mortality rate we observed among IDUs has already been described in a smaller Brazilian study by Cardoso et al 43 and in high-income countries with universal access to HAART. 37, 44 Our study extends findings by Cardoso et al, 43 by evaluating all IDUs receiving HIV treatment and care through public health facilities in the country rather than a convenience sample of HIV-positive IDUs.
In the present study, having received HAART was also associated with a clear survival advantage after AIDS diagnosis. However, we cannot rule out selection bias due to differential indication of treatment, as those patients who are prescribed HAART might be those with a greater a priori probability of survival. Additional modeling analyses are needed to separate these entangled effects.
This study is highly representative in terms of its broad geographic scope; however, its external validity might be limited by the fact that an unmeasurable fraction of people living with AIDS may not access the network of accredited health units due to costs associated with traveling or other marginal costs (eg, losses secondary to unexpected work leaves or the need to care of young children).
Another limitation of our study is the unavailability of information on other covariates that may influence health and survival and which may vary over time, such as active drug use and engagement in drug addiction treatment. We were unable to examine other structural factors, such as access to private health insurance (around 30% of PLWHA in Brazil), quality of care, or health-related behavior (eg, HAART adherence) that may account for these disparities on an individual and/or at population level. Differences outcomes might result from biases and/or confounders not accounted for in our model.
Around 40%-50% of our sample had never had a CD4 count and/or an HIV viral load determination performed through the public health system. Although a proportion of these patients might be obtaining their exams through private laboratories, the Kaplan-Meier curves for those with unknown initial CD4 or HIV viral load were significantly lower than that for those with available results, which reinforces the notion that an important percentage of those patients with unknown information might not receive any care.
Perhaps the greatest limitation of our analysis is the lack of information on treatment course and clinical events, such as the type of initial ART regimen and changes in therapeutic regimens over time. Recent studies have found that better immunological, virological, and clinical outcomes are associated with nonnucleoside reverse transcriptase inhibitor regimens instead of unboosted protease inhibitor regimens or regimens containing boosted protease inhibitors. [45] [46] [47] Information on treatment interruptions due to the development of medication side effects 48 or the development of a concurrent illness was also not available.
Our analysis attempted to account for the heterogeneity between and within different Brazilian regions and localities. As expected, this analysis suggests higher mortality risks for patients living in larger semi-urban and rural areas and/or in the poorest regions of Brazil, In those regions, AIDS mortality might be influenced by structural factors related to the place of residence, beyond individual level factors (eg, less availability of specialized services, great distances from residence to AIDS services). This analysis suggests the need to include the assessment of structural variables and/or to conduct multilevel analyses in future studies. Even after these adjustments, the analyses followed the same general trend of a significantly increased risk of death among IDUs, when compared to MSM.
Among the patients who access Brazil's network of more than 600 ARV dispensing units, the use of HAART for HIV-positive drug users remains a complex public health problem. Issues of delayed AIDS diagnoses, late entry into treatment, and lower HAART uptake need to be simultaneously addressed. Because it has been established that IDUs can attain similar adherence levels to HAART compared with other populations, 21, 22 efforts are needed to improve early engagement of IDUs in comprehensive HIV/AIDS treatment and care.
